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S C I E N T I F I C  C O M M U N I T Y

The unequal impact of parenthood in academia
Allison C. Morgan1*, Samuel F. Way1, Michael J. D. Hoefer1, Daniel B. Larremore1,2,  
Mirta Galesic3, Aaron Clauset1,2,3*

Across academia, men and women tend to publish at unequal rates. Existing explanations include the potentially 
unequal impact of parenthood on scholarship, but a lack of appropriate data has prevented its clear assessment. 
Here, we quantify the impact of parenthood on scholarship using an extensive survey of the timing of parenthood 
events, longitudinal publication data, and perceptions of research expectations among 3064 tenure-track faculty 
at 450 Ph.D.-granting computer science, history, and business departments across the United States and Canada, 
along with data on institution-specific parental leave policies. Parenthood explains most of the gender pro-
ductivity gap by lowering the average short-term productivity of mothers, even as parents tend to be slightly 
more productive on average than nonparents. However, the size of productivity penalty for mothers appears 
to have shrunk over time. Women report that paid parental leave and adequate childcare are important factors 
in their recruitment and retention. These results have broad implications for efforts to improve the inclusiveness 
of scholarship.

INTRODUCTION
Several decades of research, across many fields, show that men typ-
ically publish more papers than women (1–3), but the reasons for 
and consequences of this difference remain uncertain. Explanations 
are numerous and include the hiring of women at lower-ranked and 
less-productive institutions (4–6), higher teaching and service loads 
(2, 7, 8), differences in research or task specialization (9, 10), more 
time invested in drafting initial results (11,  12), shorter career 
lengths (13), and the greater impact of childbearing and parenthood 
on women. Of these factors, parenthood affects a majority of faculty, 
both women and men, yet studies of its effect on scientific produc-
tivity are contradictory, finding negative (14–16), positive (17), or 
no relationship (11, 18, 19). During the COVID-19 pandemic, the 
impact of parenthood on researcher productivity has received much 
more attention, with early results indicating a relatively greater loss 
of productivity for women (20) and increase in domestic labor (21). 
Nonetheless, establishing the causal impact of parenthood on pro-
ductivity has been difficult because studies often lack detailed infor-
mation on career age, longitudinal productivity, the timing of 
parenthood, or changing social norms.

Parenthood can cause many changes to careers. For one, parent-
hood creates a new demand to allocate time to childcare and, for 
birth mothers, to recover from childbirth. In academia, women 
report more time spent on housework and childcare than men 
(22, 23). Among parents, while both men and women may decrease 
their work hours around parenthood, how they do can reflect gen-
dered imbalances. Fathers often protect their research time, which 
is typically more important for career advancement, while mothers 
often protect their teaching (24). Hence, parenthood may decrease 
the available research time for women, more so than for men 
(16, 25). Parenthood may also change work preferences. For faculty 
who seek both parenthood and career advancement, having a child 
may drive them to become more productive and organized to 

achieve both (16, 25, 26). Parenthood may also shape the popula-
tion of faculty through self-selection, because women are more likely 
to perceive academia as unwelcoming toward parents and thus seek 
careers outside academia (27–30).

Here, we quantify the productivity gap between early-career 
faculty who became parents and those who did not, and we directly 
measure parenthood’s differential effects on men and women. We 
leverage a survey from 2017 to 2018 of 3064 tenure-track faculty at 
450 Ph.D.-granting computer science, history, and business depart-
ments across the United States and Canada that provides detailed 
information on faculty career age, the timing of parenthood, and 
research expectations (section SA). These three disciplines were 
chosen for their variation in gender representation and diversity 
in scholarly practices, which may correlate with the impact of 
parenthood (14, 31). The disciplines exhibit a relatively broad range 
of gender representation, with women representing just 15% of 
tenure-track faculty in computer science and 37% in history. The 
rates of collaboration and types of publications valued also vary 
across these fields. History faculty often write books and mono-
graphs with few, if any, coauthors, whereas computer science faculty 
publish in juried conference proceedings with many coauthors 
(section SB). These differences in scholarship and gender represent
ation may influence the impact of parenthood on researcher 
productivity and provide our analysis some generality across field-
specific characteristics.

In our analysis, we refer to faculty who self-identified as women 
and men and who had children by the time of our survey as mothers 
and fathers, respectively. We combine this survey with longitudinal 
data on 100,972 publications by these faculty and data on their 
institution-specific parental leave policies (sections SB and SC). Our 
study allows us to distinguish the impact of parenthood from 
known correlates of productivity, such as differences in career age 
(32), institutional prestige (33, 34), and changing publication rates 
over time (35), and to make within-gender comparisons, while ac-
counting for factors that may differentially affect women or men in 
academic careers (e.g., higher service loads). In particular, we are 
interested in how gender roles and parenthood status, especially 
around the birth of their first child, intersect to shape academic 
careers.
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RESULTS
Impact of parenthood on productivity
Across all three disciplines, among faculty who were at least 40 years 
old, a large majority (78.7%) reported having children, with lower 
rates among women compared to men (71.0 versus 82.2%, respec-
tively; z = 6.00, P < 10−8). Men and women in our survey both 
become parents, on average, at the age of 33 years old (t = −1.04, 
P = 0.30). In contrast, the average ages of parenthood in the general 
U.S. population are 31 for men and 26 for women (36, 37), indicat-
ing that faculty, especially women, tend to delay their transition to 
parenthood (38). Consistent with this well-known trend in the gen-
eral population toward reproducing later, we find that the age at 
which faculty become parents has also been increasing slowly (fig. 
S2). This age correlates only weakly with the prestige of the faculty 
member’s current institution (5), such that improving their institu-
tion’s rank by 100 corresponds to an additional delay of only 1 year 
( = −0.01, t = −2.73, P = 0.01). Parents did not differ significantly from 
nonparents in the prestige of their appointments (Kolmogorov-Smirnov 
test, D =0.03, P = 0.59). Less than half (39.5%) of faculty became 
parents before starting their first faculty position, and mothers tend 
to have fewer children than fathers (averages of 1.8 versus 2.2; t = 
7.17, P < 10−11).

If the productivity gap between men and women is entirely 
caused by gendered parenthood effects, then the productivity trends 
of men and women without children should be indistinguishable. 
To investigate this hypothesis, we examined each professor’s publi-
cation history and calculated their cumulative productivity over the 
5 years before and 10 years after beginning their first assistant pro-
fessor position. We find that the differences in cumulative time-
adjusted productivity over this period (section SB) between men 
and women without children are 5.2, 0.8, and 1.5 papers over the 
10 years on the tenure-track for computer science, business, and histo-
ry faculty (insets of Fig. 1). That is, women without children pro-
duce on average 87.6 to 95.6% of the total number of papers than 
men without children produce. The residual (4.4 to 12.4%) remains 
unexplained by career age and parenthood and bears only on facul-
ty like those we surveyed, i.e., tenure-track faculty at Ph.D.-granting 
departments.

Among parents from computer science, business, and history, 
mothers produced 13.1, 3.5, and 3.1 fewer papers (between 73.6 and 

82.9%) compared to fathers over the same early-career period. This 
larger gap implies that gender differences associated with parent-
hood have a large effect on faculty productivity. If parenthood’s 
effect is gendered, then we would expect a productivity gap to 
emerge only after parenthood, not before, and its impact should be 
larger for mothers than for fathers. To isolate the effect of parent-
hood from gender, we used a comparative interrupted time series 
(CITS) analysis to directly compare the productivity of faculty with 
and without children around the event of parenthood. CITS has 
been used to study the impact of childbirth on men and women’s 
employment and wages (39, 40) but not previously to study aca-
demic careers. This comparison assigns counterfactual parenthood 
events to faculty without children, which we accomplish by drawing 
the timing of such an event from the empirical parenthood age dis-
tribution, stratified by parents’ gender, birth year, and field (section 
SD) (41). This procedure results in parents and counterfactual par-
ents being statistically similar with respect to biological age, career 
age, and institutional prestige before their real or counterfactual 
event (table S6).

Before children, the annual productivity rates of men and women 
are similar, but even in this period of time, faculty of both gen-
ders who go on to have children are slightly more productive, on 
average, than those faculty who do not (t = 4.89 and t = 4.47, P < 0.01 
for computer science and business and P > 0.1 for history; Fig. 2 and 
table S6). However, the annual productivity of mothers decreases 
immediately after childbirth, compared to nonmothers or men. The 
estimated CITS parameters indicate that the event of parenthood 
sharply decreases short-term productivity for mothers (−48.3 to −17.3%) 
but generally not for fathers with the exception of the field of histo-
ry (t = 68.8, P < 0.01; section SD).

Although we cannot say whether collaboration causally affects 
this impact, we see that the magnitude of the effect is correlated 
with disciplinary rates of collaboration (table S4): The short-term 
impact of motherhood is greatest among history faculty, where 
there is less collaboration, and smallest among computer science, 
where there is more. Furthermore, because parenthood may drive 
individuals to leave academia before being observed by our sample—a 
selection effect that may be stronger for those individuals who expe-
rience larger parenthood productivity losses—these estimates are 
likely lower bounds of the true effect size.
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Fig. 1. Cumulative productivity of men and women over their careers. Average cumulative productivity relative to first tenure-track position and corresponding gender 
productivity gaps for (A) computer science faculty (blue; N = 1006), (B) business faculty (red; N = 491), and (C) history faculty (green; N = 285) with and without children. 
Insets show the same for faculty without children. Shaded regions denote the bootstrapped interval around the mean. Darker colors denote trends for men and brighter 
colors for women. Publications from computer science have been time-adjusted (section SB)
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Our results are inconclusive as to whether long-term publication 
rates are affected by parenthood. We also find no clear evidence that 
parenthood causes a short-term productivity increase for fathers, in 
contrast to previous suggestions that fathers may tend to use 
gender-neutral parental leave policies to increase their productivity 
relative to women (42).

Importance and usage of parental leave
Previous research indicates that early-career women often perceive 
academic careers as unfriendly to parenthood (27, 28), which con-
tributes to women leaving academia at higher rates than men, a pat-
tern sometimes called “the leaky pipeline” (13, 29, 30). Parental leave 
policies may help mitigate this effect by improving the recruitment 

and retention of parents, especially women. Consistent with prior 
work (43), women and men in our study used parental leave at dif-
ferent rates: Among leave-eligible parents, 91.8% of mothers but 
just 62.1% of fathers took parental leave at least once (z = 9.24, 
P < 10−19; Fig. 3D). Reflecting this gendered difference in behavior, 
nearly half of women (45.9%) indicated that parental leave policies 
were somewhat or very important in choosing their current faculty 
position, compared to 20.6% of men (2 = 141.81, P < 10−30; Fig. 3C). 
On the other hand, women and men placed similar and substantial 
value on the prestige of their current or a future position, rating 
prestige as somewhat or very important (89.9 or 56.9% of women 
and 89.3 or 57.6% of men; 2 = 0.77, P = 0.68 and 2 = 0.35, P = 0.84).

Among computer science faculty, early-career women with chil-
dren reported less satisfaction with their current positions than 
women without children (58.3 versus 70.0%; t = −2.04, P = 0.05), 
suggesting parenthood as a potentially important factor in reten-
tion, although no such differences exist in the other fields we sur-
veyed. Across all fields, 67.2 versus 72.7% of early-career women, 
with and without children, said that they were somewhat or very 
satisfied (t = −0.86, P = 0.39). Differences in job satisfaction remain 
insignificant when we compare men with and without children and 
older women with and without children. Among early-career men, 
78.0% of those with children, versus 79.0% of those without children, 
indicated that they were satisfied at their current position. Among 
older women, overall job satisfaction was comparable among mothers 
and nonmothers (73.2 versus 72.2%). The availability of parental 
leave was not correlated with job satisfaction. Mothers at institu-
tions that offered either more than or less than 10 weeks of parental 
leave indicated similar levels of satisfaction (72.1 versus 71.0%).

Parenting represents a threat to the ideal worker norm (44–46), 
an expectation of complete dedication to the workplace without re-
sponsibilities at home. While women and men are both subject to 
this expectation, women typically bear more childcare responsibili-
ties than men (24) and thus are less likely to meet this ideal (45). To 
understand such norms, our survey asked respondents to estimate 
the likely and expected levels of productivity of others, as well as 
their personal productivity goals. Consistent with the belief that 
parenting violates the ideal worker norm, faculty estimate that 
mothers and fathers will likely publish fewer papers than faculty 
without children, and they expect decreases that are greater for 
women than for men (Table 1). Faculty also believe that women 
with children are likely to produce fewer papers than is expected of 
them (54.2% fewer of women and 37.2% of men, across all fields; 
2 = 77.75, P < 10−17; Table 1). To appear devoted to their work 
while being a parent, under an ideal worker norm, we might also 
expect fathers to aim for relatively high productivity. Despite faculty 
adjusting their expectations of parents’ productivity, we find little 
evidence that parenthood changes faculty’s expectations of their 
own productivity. Early-career faculty with children under the age 
of 10 reports similar publishing aspirations as those without children 
(Table 1). For example, in computer science, women with children 
aimed for 8.2 papers over a 2-year period versus 9.2 papers for those 
without children, and men with children aimed for 9.5 papers ver-
sus 8.5 papers for those without children (t = −0.95, P = 0.35 and 
t = 1.78, P = 0.08). These norms appear to be shaped by broad cul-
tural forces, as the availability of generous parental leave policies, 
defined here as at least 10 weeks of paid leave, does not appear 
to affect faculty expectations of others’ productivity or their own 
productivity.
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Fig. 2. Annual productivity of faculty with and without children. Average annual 
productivity for men and women, relative to the birth of their first child (dark) or a 
counterfactual first child (light), for (A) computer science, (B) business, and (C) history. 
Values shown are the immediate productivity changes between parents and faculty 
without children, relative to the expected productivity of that group (​​​ 6​​ / ​​ ̂ Y ​​ 0​​​). Estimates 
are adjusted for institutional prestige (section SD).
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Trends in the impact of parenthood
The policy implications of these findings depend strongly on whether 
they will hold in the future. Longitudinal studies indicate a decade-
long trend of fathers becoming more involved in parenting (47), 
leading to the hypothesis that the productivity gap studied here has 
been narrowing over time. We find evidence for increased parental 
involvement among men. For instance, of men who were eligible to 
take parental leave before the year 2000, only 38.7% took that leave, 
compared to 67.6% of those who first became eligible after (z = 4.64, 

P < 10−5). Despite this marked increase in the rate at which men are 
taking parental leave, their overall productivity has not decreased 
(Fig. 4). Concurrently, mothers increased their productivity, which 
shrank the productivity gap between mothers and fathers. Among 
faculty who had their first child before the year 2000, the 10-year 
cumulative productivity of women ranges from 61.4 to 82.0% of 
comparable men, whereas it rises to 75.7 to 110.0% for those who 
became parents after (Fig. 4). In parallel with the narrowing of this 
productivity gap, we note that there were concurrent increases in 
rates of collaboration (48), as well as the number of paid parental 
leave policies and gender-neutral tenure clock-stoppage policies 
(42, 49). However, as of 2018, only 42.9% of universities in our sample 
offered such policies (50).

Among institutions that offered any paid parental leave (63.6%), 
the average length of leave was 14.7 and 12.2 weeks for women and 
men, respectively, which is roughly equivalent to one academic 
term (Fig. 3A). A slight majority of policies (54.8%) did not clearly 
specify whether the leave applied only to teaching, teaching and ser-
vice, teaching and research, etc. In our survey, most men and women 
express a preference for a parental leave policy that is gender neutral 
(48.1% of responses) with full relief for teaching and service (68.4%). 
However, ignorance of their institution’s current parental leave pol-
icy was not uncommon: 17.2% of early-career faculty with children 
reported not knowing whether their institution offered any parental 
leave benefits (Fig. 3B). This lack of knowledge about parental leave 
policies may suggest an overall lack of concern about those policies 
or the impact of parenthood on productivity. It may also reflect the 
often complex nature and convoluted language of these policies, which 
can include ad hoc negotiations with supervisors, leave-sharing re-
quirements between parents, medical certifications, and more (51).

DISCUSSION
Our results inform the longstanding puzzle of the ubiquitous pro-
ductivity gap between tenure-track men and women at research-
intensive institutions by indicating that the majority of the extant 
gap (between 87.6 and 95.6%) is caused by a gendered effect of 
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Fig. 3. Parental leave policy availability, knowledge, importance, and usage for faculty. Proportions of (A) universities with parental leave policies, (B) early-career 
parents with knowledge of those policies, (C) faculty who reported that parental leave was important in choosing their current position, and (D) eligible parents’ usage of 
those policies, for faculty in computer science (blue), business (red), and history (green) faculty. Parental leave policies are coded as either at least 10 weeks long (roughly a 
semester; solid), more than 0 and less than 10 weeks (lighter), unknown policy (lightest), or no paid leave (empty). Pairwise hypotheses tests across gender with ***P < 0.01.

Table 1. Research expectations among faculty with and without 
children. Beliefs about the likely and expected numbers of papers each 
demographic group will publish in the next 2 years (Likely and Expected). 
Average goals from each group for the number of papers that they hope 
to produce in the next 2 years (Aim avg.). Demographic groups are among 
young faculty, who currently have a young child (10 or younger) or do not 
(either had no children or have a child older than 10). 

Computer science Likely Expected Aim avg.

Women with child 5.72 6.53 8.18

Women with no child 7.05 7.10 9.21

Men with child 6.81 7.01 9.45

Men with no child 7.78 7.54 8.45

Business Likely Expected Aim avg.

Women with child 1.59 2.40 3.51

Women with no child 2.13 2.58 3.62

Men with child 2.15 2.53 3.91

Men with no child 2.40 2.63 3.74

History Likely Expected Aim avg.

Women with child 1.28 2.08 2.80

Women with no child 2.00 2.44 3.05

Men with child 2.00 2.30 3.09

Men with no child 2.40 2.54 3.27
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parenthood: Among computer science faculty, over the 10 years 
after the birth of their child, mothers produce on average 17.6 fewer 
papers than fathers—a gap that would take roughly 5 years of work 
for mothers to close (section SB). The effect of the parenthood pen-
alty for mothers appears most concentrated in the years immediately 
following parenthood, with relatively little impact on long-term 
productivity rates (section SD). Our results are consistent with a 
simple causal relationship between time available for research and 
overall productivity, in which parenthood specifically reduces the 
latter for women much more so than for men. Hence, policies 
aimed at providing more workplace flexibility for parents, such as 
accessible lactation rooms and affordable childcare, are likely to 
lessen the impact of parenthood on research time.

At the same time, the magnitude of the parenthood penalty ap-
pears to be shrinking over time, not because men are becoming less 
productive (despite increasing rates of fathers’ leave usage) but be-
cause women have increased their productivity (Fig. 4), e.g., since 
2000, mothers in computer science produce on average only 5.4 
fewer papers than fathers, a gap equivalent to only 1 year of work 
(table S5). This trend may reflect broader changes in gender roles, 
possibly driven by the increasing proportions of women (4), or the 
growing prevalence of paid gender-neutral parental leave policies. 
Our survey indicates broad support for such policies among faculty 
and points to the role these policies play in the recruitment and re-
tention of women. Moreover, the fact that parental leave policies were 
important in choosing a position and that a large fraction of faculty 
have children before their first faculty position (39.4%) suggests that 
strong childcare benefits during their early professional careers may 
be an underutilized tool for recruitment and retention (52), especially 
for women. Barriers to balancing parenthood and research for grad-
uate students and postdoctoral fellows, such as expensive childcare 
options or the lack of health care coverage of dependents, may also 
discourage early-career parents from pursuing tenure-track employ-
ment altogether. Although unobservable in our study, the effects of 
these policies remain an important topic of future research.

In the absence of randomized treatments, our observational 
study estimates the effect of parenthood on productivity by using 
causal inference methods and thus comes with caveats. For instance, 
women in academia are more likely to have partners working in 
academia than men (3, 53, 54), and women are more likely to be 
single parents (55). This tendency may explain why fathers experience 

less of a parenthood penalty than mothers, because men may have 
nonacademic partners, leading to more practical flexibility in adapt-
ing to an abrupt change in time available for research due to care-
giving. Understanding how partnerships mediate the impact of 
parenthood on researcher productivity remains an important direc-
tion of future work. Furthermore, our sample frame was restricted 
to current faculty. This requirement may have induced a selection 
bias in which less productive researchers, or those who experienced 
larger productivity penalties, were not observed, which may have 
contributed to faculty with children appearing slightly more pro-
ductive than faculty without children (Fig. 2). While parenthood 
appears to adversely affect mothers’ productivity across all three 
fields, further research is needed to understand why the magnitudes 
of these shocks vary across the fields and if the event of parenthood 
affects men’s academic careers in a more nuanced way. Last, our 
analysis computes only average effects, which may conceal substan-
tial variability in individual productivity patterns (32).

Our results indicate that the productivity penalty paid by moth-
ers explains the vast majority of the observed productivity gap be-
tween men and women at research-intensive universities. However, 
a small-to-modest gendered productivity gap remains unexplained 
by the effects of parenthood and hence is attributable to other ef-
fects, ranging from bias in peer review (56, 57) to discrimination 
(58), differences in service loads (7), or approaches to research 
(9, 59), among others. Untangling the relative importance of these 
factors is an important direction for future work.

Although women reported valuing paid parental leave policies 
more than men, men are increasingly likely to use them, albeit still 
at rates much lower than women. To date, policy changes have been 
focused on availability and gender neutrality (42, 51), yet usage pat-
terns remain complicated. For instance, Canadian fathers reported 
using parental leave at significantly lower rates than U.S. fathers in 
our sample (44.5 versus 63.9%; z = 2.29, P = 0.02) despite its univer-
sal availability in Canada. These perceptions and patterns suggest a 
complicated and evolving relationship between parental leave, gen-
der, and productivity, and future work is needed to better under-
stand their interactions.

Our results are consistent with the idea that gender norms around 
parenting and who allocates more time to childcare ultimately drive 
a differential and larger impact on women’s careers and their ability 
to contribute equally in scholarship. We expect this differential impact 
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to appear whenever an event occurs that is filtered through these 
norms, such as a sudden loss of outside childcare or a sudden need 
for homeschooling, as has occurred recently. During the COVID-19 
pandemic, women have borne a relatively greater share of increased 
childcare needs (21, 60), in addition to their extra service and teaching 
efforts (7, 61), while still earning substantially less despite broadly 
increased financial pressure (62, 63).

In the long run, social policies aimed at mitigating the impact of 
parenthood on faculty should do more than narrowly focus on op-
timizing near-term scholarly productivity. Prior work considering 
how scientific careers affect families and family formation suggests 
that dissatisfaction with having fewer children than desired cor-
relates with job satisfaction (64) and that women are more likely to 
be single without children than men (65). Good policies should also 
recognize the long-term social, scholarly, and individual value of 
supporting work-life balance for both mothers and fathers.

MATERIALS AND METHODS
Our study relies on a large survey of tenure-track faculty at research-
intensive universities. We collected names and email address from 
the publicly available online directories of 205 computer science, 
112 business, and 144 history departments in the United States and 
Canada (section SA) (66). We then emailed 5792 computer science 
faculty, 9573 business faculty, and 4336 history faculty between 
summer 2017 and fall 2018 to participate in our survey. In our invi-
tation, our survey did not reference parenthood, and questions 
about parenthood were just a few out of many. In total, 3064 faculty 
responded (15.6%). Although women were slightly more likely to 
respond to our survey than men, our survey constitutes a represent
ative sample by faculty rank and departmental prestige.

To analyze how productivity changes in response to the presence 
or absence of the initial parenthood event, we linked survey re-
sponses to the number of papers each researcher published in a given 
year (section SB). For computer science faculty, we linked responses 
to publications listed in DBLP (https://dblp.uni-trier.de), an online 
database of computing publications. A comparison of publications 
indexed by DBLP with those on individuals’ CVs (curricula vitae) 
shows time-varying coverage within DBLP. To account for this 
variation and the overall increasing publishing rate in computer sci-
ence (fig. S1), we apply two linear adjustments to publication counts 
(32), which allows us to compare faculty across time. For history 
and business faculty, we manually counted publications from re-
spondents’ CVs. In general, respondents that we could link to pub-
lication data are a representative sample of our total population 
(table S3). In total, we recorded 79,274, 15,352, and 6346 scholarly 
works for 1061 faculty in computer science, 525  in business, and 
294 in history departments, respectively.

To understand the impact of parenthood on faculty productiv-
ity, we use matching to align the publishing trends of parents and 
nonparents. To align these trends according to when faculty had 
their first child or, in the case of nonparents, could have had their 
first child, we match parents with nonparents in the same field, of the 
same gender, and who were born in the same year and assign a year 
of a counterfactual birth to the nonparent individual. This approach 
accounts for the rising age at which faculty are having their first child 
(fig. S2), and our matching means that parents and counterfactual 
parents are similar with respect to biological age, career age, and 
institutional prestige before becoming parents (table S6).

Given such an alignment, we then use a regression-based model 
called CITS to estimate the changes in productivity as a result of 
parenthood, relative to our nonparent group

                      	​​
​Y​ i,t​​ = ​ β​ 0​​ + ​β​ 1​​ · t + ​β​ 2​​ · I [ t >  0 ] +  ​β​ 3​​ · t × I [ t  >  0 ] +

​                 ​β​ 4​​ · ​T​ i​​ + ​β​ 5​​ · ​T​ i​​ × t + ​β​ 6​​ · ​T​ i​​ × I [ t >  0 ] +​    
              ​β​ 7​​ · ​T​ i​​ × I [ t >  0 ] × t + ​β​ 8​​ · ​Π​ i​​

 ​​ (1)

where Yi,t is the outcome of interest (annual number of papers pub-
lished) for an individual i, at time relative to their first child’s birth 
t. The indicator variable Ti = 1 if an individual is in our treatment 
group (parents) and 0 if they are a control (counterfactual parents). 
The variable i controls for the prestige of an individual’s institu-
tion. Our effect of interest is 6, describing how the productivity of 
parents changes immediately after becoming a parent, controlling 
for their pre-parenthood levels, and accounting for the secular trend 
among the nonparent group (Fig. 2). The remaining coefficients are 
described in more detail in section SD.

Our methods for estimating the impact of parenthood have lim-
itations. Matching assumes that there are no unobserved confound-
ing variables that may explain the year when faculty become parents. 
For example, possible confounders here may include relationship 
status and its differences by gender (65). In section SD, we examine 
two alternatives to our nonparametric matching. Our CITS approach 
rests on the idea that the nonparent cohort is an appropriate control 
for what would have happened to parents in the absence of parent-
hood. This assumption may not be entirely true. For instance, child-
birth and expectations of subsequent productivity losses may drive 
some individuals to leave academia altogether, potentially more so 
for women (30). This type of selection effect on academic parents 
likely means that the effects that we observe are underestimates of 
the true effect sizes.

SUPPLEMENTARY MATERIALS
Supplementary material for this article is available at http://advances.sciencemag.org/cgi/
content/full/7/9/eabd1996/DC1
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